Abstract. The design and analysis of achromatic doublet prisms for use in laser beam steering is presented. The geometric relationships describing the maximum steering angle are given, as are discussions of firstand second-order dispersion reduction. Infrared (IR) material alternatives and optimum IR material characteristics for wide-angle achromatic prism beam steering are also investigated. Sixteen materials in 120 different combinations have been examined to date. For midwave IR applications it is shown that the minimum dispersion currently achievable across the full 2 to 5 m spectrum is 1.7816 mrad at an average maximum steering angle of 45 deg. This is accomplished using LiF/ZnS doublet prisms. Several issues related to the azimuth and elevation angles into which light is steered as a function of prism rotation angles are also presented.
Introduction
Protecting military aircraft from infrared ͑IR͒ guided missiles is a high priority within the U.S. Air Force. To track a threat, modern IR countermeasure ͑IRCM͒ systems are designed to slew a stabilized pointer along the threat's line of sight, as determined by a missile warning system. Traditionally, IRCM beam steering has been achieved using precision two-axis gimbaled mirror pod systems. However, such systems necessarily protrude from the aircraft fuselage, thereby increasing drag. Increased drag reduces endurance, performance, and payload capacity for all airborne platforms, and especially for high-performance fighter aircraft. To address this and other issues, the thrust of the research reported herein centers on the design and optimization of a wide-angle broadband 2 to 5 m midwave IR ͑MWIR͒ laser beam steering apparatus comprised of two rotating achromatic prisms that need not protrude from the aircraft body.
While the concepts of achromatic prism design and prismatic beam steering are themselves not new, their application to MWIR countermeasures present several unique challenges. Typically a discussion of achromatic prisms focuses on thin ͑i.e., small apex angle͒ prisms designed to operate over a relatively narrow portion of the visible wavelength ͑i.e., ϳ400 to 700 nm͒ spectrum. 1, 2 While novel applications include the use of achromatic prism beam expanders, phase retarders, and planar waveguide couplers, some of which are designed for near-IR applications, most achromatic prisms are designed to be achromatic over at most a 110 nm spectral range. [3] [4] [5] [6] In addition, commercially available prism-based laser beam steerers are not typically designed to be achromatic and are generally designed to steer laser beams at most 20 deg off axis. 7, 8 By contrast, our requirements dictate that we design a prismatic beam steerer that is capable of steering to at least 45 deg, while remaining achromatic over the entire 2 to 5 m MWIR spectrum-a challenging spectral range that is 10 times wider than the entire visible spectrum.
This paper first provides a description of the basic concepts of rotating prism beam steering. Next, the geometric relationships describing the maximum steering angle are presented, which, in turn, leads to a discussion of first-order dispersion reduction. The reduction of secondary dispersion is then discussed, after which IR material alternatives and optimum IR material characteristics for wide-angle achromatic prism beam steering are presented. Sixteen different materials in 120 different combinations have been examined to date. It is shown that the minimum secondary dispersion yet achievable is 1.7816 mrad using LiF/ZnS doublet prisms, the properties of which are presented later. Before concluding, the geometry and several issues related to the azimuth and elevation angles into which light is steered as a function of prism rotation angles are also presented.
Basic Concepts
The refractive properties of wedge prisms and their ability to deviate and steer light is well known. As can be shown, the deviation angle ␦ is a function of the incidence angle, the prism's apex angle and the material from which the prism is made. 9 By simply rotating a single prism then, it is possible to steer light along a circular path. Similarly, if light passes through two identical cascaded prisms that are rotated independently, for the case of small deviation angles, light can be steered in any direction falling within a cone-shaped field of regard having a half angle of 2␦, as shown in Fig. 1 . 7, 8 ͑We see in Sec. 7 that the situation becomes rather more complex when large deviation angles are considered.͒ Now, simple wedge prisms made of a single optical material can be used effectively to manipulate and steer monochromatic beams of light. However, due to the dispersive nature of optical materials, ''singlet'' prisms cannot be used effectively to steer broadband radiation. In general, as shown in Fig. 2 , the shorter ''blue'' wavelengths in a given spectrum are steered to larger angles than are the longer ''red'' wavelengths. On the other hand, as we show, chromatic dispersion in prisms can be nearly fully corrected by forming composite ''doublet'' prisms made of two different materials obeying certain properties that are then cemented together. Specifically, we show that with knowledge of the dispersive index characteristics n() of appropriate IR materials, the apex angles of two cemented prisms can be chosen to minimize angular dispersion over a broad spectrum, while enabling steering to very wide angles. This, by the way, is exactly the opposite of the design of ''direct view'' or ''direct vision'' prism systems, which are designed for zero angular deviation and maximum angular dispersion. 2 Two doublet prism geometries are shown in Fig. 3 in their maximum steering angle orientations. In practice, either configuration can be used for the purpose of beam steering. However, though the configuration in Fig. 3͑a͒ may at first seem to be the more natural and/or obvious choice, there are practical advantages to the configuration in Fig. 3͑b͒ , which from this point forward is referred to the ''reversed'' prism geometry. The primary advantage of the reversed geometry is that when one prism is rotated by 180 deg with respect to the other, a fully reciprocal optical system is created. This, in turn, means that precise steering to 0 deg is possible at all wavelengths, with no axial blind spot. By contrast, it can be shown that except possibly at discrete wavelengths, the configuration in Fig. 3͑a͒ always has a small but nonnegligible on-axis blind spot-a characteristic that is highly undesirable in any broadband IRCM beam-steering device. For this reason, only the reversed prism geometry is addressed throughout the remainder of this paper. Note, however, that the reversed prism geometry has one disadvantage. By comparing the two configurations in Fig. 3 , it is clear that due to the tilted entrance face of the left-hand prism in Fig. 3͑b͒ , light passing through the reversed prism geometry suffers dispersive refraction at one additional surface, as compared to the geometry of Fig.  3͑a͒ . This, in turn, means that the configuration in Fig. 3͑b͒ will be a bit more dispersive overall than the configuration in Fig. 3͑a͒ . In most situations, however, this increase in dispersion is quite small, and the avoidance of an on-axis blind spot by use of the reversed prism geometry far outweighs a modest increase in residual/uncorrected dispersion.
Before presenting the theory relevant to achromatic prism beam steering, we mention one other issue; that is, especially in the field of ophthalmology, the beam-steering devices shown in Figs. 2 and 3 are commonly known as 3 Alternative achromatic doublet prism beam steering geometries: (a) the forward prism geometry and (b) the reversed prism geometry. While the forward prism geometry provides slightly better dispersion correction, the reversed prism geometry eliminates onaxis blind spots at all wavelengths and is thus preferred.
Risley prisms. When referring to Risley prisms, it is common to discuss the maximum deviation angle in terms of prismatic power ⌬, measured in diopters. A single prism diopter is defined to be a deflection of 1 cm at a distance of 1 m from the prism. 7, 8 Thus, in general, ⌬ϭ100 tan(␦ 0 ), where ␦ 0 is the maximum deviation of the Risley prism pair, as shown in Fig. 3 . For example then, our requirement to steer to at least 45 deg means that we have set out to design a 100-diopter achromatic MWIR Risley prism beam steering device.
First-Order Dispersion Reduction
The determination of the maximum steering angle ␦ 0 () for the prism configuration in Fig. 3͑b͒ is found by multiple applications of Snell's law of refraction. Though the process is straightforward, the steps are many. Consequently, only the result is presented here; i.e.,
͑1͒
where ␣ and ␤ are the apex angles indicated in Fig. 3͑b͒ , and where the angle ␦ i () is the angle at which light exits the first doublet prism and enters the second. This angle is, in turn, given by the following relationship:
Note that in all cases we have assumed that n 2 Ͼn 1 in the prisms shown in Fig. 3͑b͒ . Since the two prisms in Fig. 3͑b͒ are assumed to be identical, we can use the relationship in Eq. ͑2͒ to derive a first-order relationship for the reduction of dispersion in our beam-steering apparatus. To begin, we first rewrite Eq. ͑2͒ under a small-angle assumption to yield
This approximation is valid for ␣ and ␤ less than ϳ20 deg-an assumption that we later see is valid in almost all circumstances. Next, we take the derivative of Eq. ͑3͒ with respect to wavelength and set the result equal to zero. Solving for ␤ in terms of ␣, n 1 , and n 2 we find
where nЈ( c ) indicates the first derivative of the index of refraction, evaluated at wavelength c . Therefore, by choosing apex angles that are related as in Eq. ͑4͒ we ensure that dispersion is eliminated in the vicinity of c .
Though not required, we typically choose c in the middle of the spectrum of interest; e.g., for the MWIR spectrum we set c ϭ3.5 m.
It is instructive at this point to consider some examples to demonstrate the principles we have just developed. For purposes of these examples we assume that the low-index n 1 material comprising our doublet prisms is LiF, while our high-index n 2 material is ZnS. These are both commonly available materials for use in the IR, and their properties are well known ͑Janos Technology, Inc., Townsend, Vermont͒. Using published index data, the indices of refraction n() of each of these materials has been modeled according the power series
where the index coefficients a n are provided in Table 1 under the assumption that the wavelength is given in micrometers ͑Janos Technology, Inc., and Refs. 10 and 11͒. In addition, the dispersion curves ͑i.e., index versus wavelength͒ for LiF and ZnS are shown in Figs 
Then from Eq. ͑4͒ we find that, to a first order, dispersion is reduced in the vicinity of 3.5 m when the apex angle ratio Rϭ␤/␣ϭ3.5645. Using Eqs. ͑1͒ and ͑2͒, the dispersive properties of LiF/ ZnS doublet prisms configured as shown in Fig. 3͑b͒ are shown in Fig. 6 , where the maximum steering angle as a function of wavelength is presented. To generate this figure, the apex angle ␣ was iteratively adjusted to create an average maximum steering angle of 45 deg over the full MWIR spectrum, while ␤ was fixed at 3.5645␣. Notice that for LiF/ZnS doublet prisms, the apex angles required for wideangle steering are quite small, thus lending validity to the small-angle assumptions made in the derivation of Eq. ͑3͒.
Notice also that the first-order steering angle dispersion ͑i.e., slope͒ in the vicinity of 3.5 m is precisely zero, as expected, but that the steering angle is clearly still a function of wavelength overall. This residual dependence of steering angle on wavelength is known as secondary dispersion. While a detailed discussion of the reduction of secondary dispersion is reserved to the next section, we define it here to be
For LiF/ZnS prisms, we see from Fig. 6 that under the conditions already stated, the secondary dispersion over the full MWIR spectrum is ⌬␦ 0 ϭ2.5033 mrad, though it is only 0.2897 mrad over the 3-to 5-m spectral region. At this point one may wonder whether or not the effort involved in designing achromatic doublet prisms is worth the benefit. Indeed, for beam-steering purposes, do they really perform better than singlet prisms? Figure 7 assists in answering this question. Here the results of using two ZnSonly singlet prisms configured in the reversed prism geometry is shown. To generate this figure, we set n 1 equal to unity and apex angle alpha equal to zero in Eqs. ͑1͒ and ͑2͒. The apex angle ␤ was then adjusted until the average maximum steering angle was made equal to 45 deg. We see that compared to the results in Fig. 6 , secondary steering angle dispersion has increased substantially to ⌬␦ 0 ϭ9.0962 mrad. In addition, by examining Figs. 4 and 5 we see that LiF is more than twice as dispersive as ZnS over the full MWIR spectrum. Although not shown here it is thus clear that steering with two LiF singlet prisms would yield even greater dispersion than two ZnS singlet prisms. We can therefore conclude that the effort required to design achromatic doublet prisms does indeed show great promise in enabling large steering angles to be achieved, while also keeping beam dispersion under tight control. 
Reduction of Secondary Dispersion
As we have seen, choosing the apex angle ratio Rϭ␤/␣ according to Eq. ͑4͒ does cause the steering angle dispersion in the vicinity of c to be exactly zero. However, this choice of R does not necessarily ensure that the more important secondary dispersion is also reduced to a minimum. Unfortunately, there is not a closed form relationship for R, valid for all IR material combinations, that ensures that secondary dispersion is minimized. This is due to the nonlinear dispersive characteristics governing the indices of refraction of the materials, and also the nonlinear behavior of the secondary dispersion ⌬␦ 0 as a function of apex angles ␣ and ␤ ͓see Eqs. ͑1͒, ͑2͒, and ͑6͔͒. As a result, minimization of secondary dispersion is an iterative process generally proceeding according to the following steps:
1. Pick a target value for the average maximum steering angle. 2. Pick starting values for apex angles ␣ and ␤. 3. Calculate ␦ 0 () according to Eq. ͑1͒, and the secondary dispersion according to Eq. ͑6͒. Iterate on ␤ until secondary dispersion is minimized. 4. For the current ͑␣,␤͒ combination, calculate the average maximum steering angle. 5. If the average maximum steering angle is different from the target value, increase or decrease ␣ a bit and start again with step 3. ͓Note from Eqs. ͑1͒ to ͑3͒ that the steering angles ␦ 0 () generally decrease with increasing ␣.͔ 6. When the target average maximum steering angle is achieved, while also having minimized secondary dispersion, determine the optimum apex angles and print/plot the results.
As an example, consider Fig. 8 , which was generated using the preceding iterative procedure by assuming LiF/ ZnS doublet prisms in the reversed prism geometry. In creating Fig. 8 the apex angles were chosen to minimize secondary dispersion, while also causing an average maximum steering angle of 45 deg. We see that the iterative process results in a decrease in secondary dispersion from 2.5033 mrad in Fig. 6 to only 1.7816 mrad in Fig. 8 . This is a reduction of nearly 30%. Notice also in this case that the apex angle ratio has been reduced slightly to Rϭ2.7439, while first-order dispersion is now eliminated for wavelengths in the vicinity of 3.1 m.
IR Material Alternatives
For a given average maximum steering angle, the dispersive characteristics of an achromatic doublet prism beam steerer are highly dependant on the materials making up the prisms. Even though IR materials typically exhibit low dispersion, their dispersive nature cannot be ignored when designing achromatic prisms intended for use over a wide spectral range, as is our current task. At this point, it is thus instructive to identify desirable material combination characteristics, and identify alternative combinations of IR materials that can be used.
By careful examination of Eqs. ͑1͒ to ͑3͒, we can observe that the maximum steering angle ␦ 0 increases as the ratio n 2 /n 1 increases. In addition, ␦ 0 increases as apex angles ␣ and ␤ decrease and increase, respectively. More specifically, for a given ␣, ␦ 0 increases if the apex angle ratio Rϭ␤/␣ increases. From Eq. ͑4͒, this in turn implies that ␦ 0 nominally increases as the ratio n 1 Ј/n 2 Ј increases.
Regarding the ratio of n 1 Ј to n 2 Ј , although it is true that dispersion correction can be performed as long as the slopes of the dispersion characteristics for each of the materials are simply different, it can be shown that it is only when n 1 ЈϾn 2 Ј that achromatic steering to large angles can be achieved. Thus, to create achromatic prisms capable of steering to large angles we desire that n 2 n 1 Ͼ1 and
In fact we prefer these ratios to be as large as possible. Table 2 provides data for 16 different candidate IR materials ͑Janos Technology, Inc., and Refs. 10 and 11͒. Both the nominal indices and the slope of the indices are provided, each of which was calculated at a wavelength of 3.5 m ͑i.e., the center of the MWIR spectrum of interest͒. Based on the data in Table 2, Table 3 shows the minimum achievable secondary dispersion, at an average maximum steering angle of 45 deg, for IR material combinations that satisfy the ratios indicated in Eq. ͑7͒. Note that in Table 3 the high-index materials are indicated along the top of the table, while the low-index materials are given in the far left-hand column. All possible combinations of the materials indicated in Table 3 have been investigated thoroughly. The result of this lengthy investigation showed that from among the 32 potentially useful material combinations the best was LiF/ZnS, the optimum steering results for which are shown in Fig. 8 . Note that this should not be taken to imply that the LiF/ZnS combination is the universally optimum choice of materials for achromatic prism beam steering. Other materials, as yet not identified or developed, may provide even better results. 
Optimum Material Characteristics
An interesting question now arises. That is, is it possible to specify the refractive index properties of our achromatic prism materials in such a way that dispersion is completely eliminated over the entire 2 to 5 m spectral range? Interestingly, the answer is yes as we now demonstrate.
From Eq. ͑4͒ we see that if we can choose or design materials such that at all wavelengths of interest
where Rϭ␤/␣ is a constant, then dispersion can be eliminated completely. Assuming that the high-index material has been specified, using Eq. ͑5͒ the index of refraction of the low-index material that satisfies Eq. ͑8͒ can be written as
where a 2n are the index coefficients of the high-index material, and where 0 is a single wavelength at which we must precisely specify the index n 1 . For this work we assume 0 ϭ3.5 m; i.e., in the middle of the 2 to 5 m MWIR spectral region. For purposes of illustration we assume that the highindex material is ZnS, where over the 2 to 5 m spectral range the index coefficients are provided in Table 1 . As we have previously demonstrated, very low dispersion doublet prisms can be created when LiF is paired with ZnS, we also set n 1 ( 0 )ϭn LiF (3.5 )ϭ1.3587. Furthermore, we will set
By these choices of n 1 ( 0 ) and R we will be able to directly compare LiF to the index profile of the hypothetical material that has been optimized for pairing with ZnS. The index profiles of LiF and the optimized material, which we commonly refer to as BPV-1 ͑i.e., Brad/Phil/Vassa-1͒, are shown in Fig. 9 . From this figure we see that LiF is very nearly an optimum match to ZnS, in terms of MWIR dispersion correction, over the 3 to 5 m spectrum, a fact clearly evident from examination of Fig. 6 . However, substantial correction is required in the 2 to 3 m regime. Of course, the greater challenge now is to determine the chemical properties/formulation of BPV-1 so that it can be manufactured. This, however, is left as a topic for further research.
Steering Angle Relationships
Now that the techniques by which achromatic prisms can be designed have been presented, it is instructive to examine how the azimuth and elevation angles of a steered beam of light depend on the rotation of the prisms in Fig. 3 . ͓Note that though the arrangement in Fig. 3͑b͒ is preferred for the practical reasons discussed earlier, the following analysis is valid for either prism arrangement in Fig. 3 .͔ Figure 10 depicts the geometry of interest. For small maximum steering angles, when viewed looking into the z axis the bases of the cones in Fig. 10 correspond to the path traced by the ideal steering rosette shown in Fig. 1 . In addition, from Fig.  10 , we see that if nominal beam propagation is in the z direction, the azimuth angle is measured with respect to the z axis in the y-z plane. The elevation angle is then the angle at which a ray parallel to the exiting beam of light is elevated with respect to the y-z plane. Now, to address the forward steering problem, refer to Fig. 11 . We begin by considering that the exit prism ͑the right-hand prism in Fig. 3͒ is held fixed, while the entrance prism is rotated through 2. The result will be to trace a quasi-circular steering path, as shown in Fig. 11͑a͒ . ͓For reference, when the two prisms of Fig. 3 are ''parallel,'' the maximum steering angle is addressed; e.g., AZ Ј ϭ0, while EL Ј is maximum in Fig. 11͑a͒ . Likewise, when the prism's are ''anti-parallel,'' both AZ Ј and EL Ј are zero.͔ If we then define 1R to be the rotation of the entrance prism, relative to the exit prism, the effective angle at which light enters the exit prism is given by
͑10͒
In addition, the AZ Ј and EL Ј coordinates of Fig. 11͑a͒ are given by
where EL Ј is found by using Eq. ͑10͒ in Eq. ͑1͒. We then use Eq. ͑11͒ to define the following intermediate variables, which are shown graphically in Fig. 11͑a͒ ,
. Now we allow the entrance and exit prisms to rotate in tandem by angle 2 , as shown in Fig. 11͑b͒ . While the exit prism has only been rotated by 2 , we see that the entrance prism has been rotated by an amount 1 ϭ 1R ϩ 2 . As a result, the azimuth and elevation angles ultimately addressed by rotating the entrance and exit prisms by 1 and 2 are, respectively,
where, due to the implicit dependence of Eqs. ͑13͒ on the indices of refraction, the azimuth and elevation angles are, strictly speaking, wavelength dependent.
As an example, consider our the lowest dispersion design; i.e., two LiF/ZnS doublet prisms in the reversed geometry, with apex angles ␣ϭ6.0600 deg ͑LiF͒ and ␤ ϭ16.6283 deg ͑ZnS͒. Using Eqs. ͑1͒, ͑2͒, ͑5͒, and ͑10͒ to ͑13͒ we generated the steering angle rosette shown in Fig.  12 . In this figure, the inner dashed circle indicates the steering path if only a single LiF/ZnS doublet prism is used, while the large outer dashed circle indicates the maximum steering angle boundary of 45 deg. In addition, the dashdotted curve shows the small-angle/paraxial steering angle trajectory that would be expected if the exit prism simply doubled the steering angle deflection of the entrance prism. The solid curve, however, shows the actual steering path if the exit prism is held fixed at 2 ϭ0, while the entrance prism is rotated continuously through 2 rad. Note that the true steering path is only quasi-circular-in fact it is more egg-shaped than truly circular. This very real artifact in the true steering angle path is negligible for very small maximum steering angles; however, as we wish to address maximum steering angles of at least 45 deg, it must be taken into careful consideration.
Next we wish to consider the ''inverse'' steering angle problem. In this case, we wish to first specify the AZ and EL angles to be addressed, and then determine the required Fig. 9 Comparison of LiF and the hypothetical BPV-1 indices of refraction. We see that LiF is a very good match to ZnS for purposes of dispersion correction over the 3 to 5 m spectrum, though greater correction is required in the 2 to 3 m region.
Fig. 10
Azimuth and elevation angle geometry. When viewed looking into the z axis, the bases of the cones in this figure correspond to the paths traced by the ideal steering rosette shown in Fig. 1 . Fig. 11 Steering paths created (a) when the exit prism is held fixed, while the entrance prism is rotated continuously through 2 rad, and (b) when both the entrance and exit prisms are rotated in tandem by an initial angle 2 , after which the entrance prism is rotated continuously through an additional 2 rad.
rotation of the entrance and exit prisms. By examining Eqs. ͑1͒, ͑2͒, and ͑10͒ to ͑13͒, it is clear that this is necessarily a very complex iterative process, though computational speed can be greatly enhanced by the use of look-up tables. Furthermore, it can be shown that for a two-prism beamsteering system, there are exactly two ( 1 , 2 ) solutions for any desired AZ and EL coordinate to be addressed. This simply compounds the complexity of the inverse steering problem solution since we wish to avoid periodic ''flipping'' of one or both of the prisms. In other words, though there are always two ( 1 , 2 ) solutions for any new AZ and EL coordinate to be addressed, we always want to take the shortest angular path and choose the solution that allows for the least amount of change in ( 1 , 2 ) from their current values.
Without discussing the details of the Matlab™ routine used to solve the inverse steering problem, we have been able to demonstrate that for realistic ͑i.e., smooth͒ steering paths, the trajectories of 1 and 2 are strictly continuous, with no singularities, or prism ''flipping'' being required. Two examples are provided here, both of which assume the use of the minimum dispersion LiF/ZnS prisms discussed earlier. In the first example, an arbitrary straight line AZ/EL path was chosen, as shown in Fig. 13 . In determining the required entrance and exit prism rotation angle trajectories, we calculated the required 1 and 2 values as we step through 200 uniformly spaced steps across the desired steering angle path. As shown in Fig. 14 , both the entrance and exit prism rotation angle trajectories are strictly con- tinuous, as expected, with no discontinuities or singularities. This is true for all linear paths that were examined, including ones passing through the AZ/EL origin.
In our second example, the circular AZ/EL path shown in Fig. 15 was chosen. Again, in calculating the required entrance and exit prism rotation angle trajectories, we calculated the 1 and 2 values required as we step through 200 uniformly spaced steps across the desired steering angle path. As shown in Fig. 16 , we again see, as expected, that both the entrance and exit prism rotation angle trajectories are strictly continuous, with no discontinuities or singularities.
Conclusion
We have seen that the use of two rotating prisms in a Risley beam-steering configuration presents a very promising technology for allowing wide angle steering with very low chromatic dispersion across the wide 2 to 5 m MWIR spectrum. Though the general concept of using rotating prisms for laser beam steering is not new, there are important issues related to wide-band MWIR beam steering that have never been addressed. These issues include the reduction of secondary dispersion across the entire MWIR spectrum, and the identification of appropriate IR materials to ensure that secondary dispersion is truly minimized in a doublet prism beam-steering arrangement. This paper has presented a summary of our efforts to date in addressing these issues. For example, we have shown in closed form how first-order chromatic dispersion can be reduced by use of doublet prisms. We have also presented the steps that are used to numerically determine optimum apex angles for a doublet prism, for a desired average maximum steering angle, which ensure that secondary dispersion is minimized.
The general characteristics of IR materials appropriate for doublet prism design were also presented, and the results of investigating 16 IR materials in 120 different combinations were provided. To date, the lowest secondary dispersion achieved across the full 2 to 5 m MWIR spectrum has been 1.7816 mrad for LiF/ZnS doublet prisms in the reversed prism configuration. In addition, the azimuth and elevation angles for a laser beam steered by use of a rotating prism beam-steering device were developed. We have shown that these angles are in general fairly complicated functions of the prism rotation angles, as well as index of refraction and wavelength. However, we have been able to demonstrate that for realistic ͑i.e., smooth͒ steering paths, by taking the ''shortest path'' approach, the rotation angle trajectories of the entrance and exit prisms are strictly continuous, with no singularities, or prism ''flipping'' being required. Research Laboratory, Sensors Directorate. We also wish to acknowledge the gracious program support provided by Colonel John Carrano, Defense Advanced Research Projects Agency ͑DARPA͒. This paper ͑USAF Public Affairs Office Document No. ASC 02-1791͒ has been approved for public release.
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